The metabolism of toluene by natural populations of marine bacteria, stored to enhance their activity, gave hyperbolic kinetics with saturation at only K, = 0.6 to 3.4 pg liter-'. Similarly Kl in fresh seawater was 0.26 pg toluene liter-'. Freshly collected populations could be moderately active toward toluene, affinity azA = 1.1-37.5 liters g-cells-l h-l. These moderate affinities taken together with the small K, values give an explanation for the failure of most marine bacteria to grow at the expense of a single hydrocarbon.
When radioactive hydrocarbons such as dodecane are incubated with seawater, the label appears in cell material and carbon dioxide (Robertson et al. 1973) . The presence of metabolically labile dissolved hydrocarbons in seawater is suggested by the fact that both toluene (Button et al. 198 1 a) and terpene mixtures (Button 1984) are immediately attacked at measurable rates by estuarine bacteria. Induction kinetics (in prep.) indicate that recent exposure of the organisms to hydrocarbons is necessary for significant immediate metabolism of them because the affinity (initial slope of specific rate vs. hydrocarbon concentration: Button 1983) of both the indigenous microflora of seawater and pure cultures of a marine bacterium is greatly enhanced by exposure to pg liter-l quantities of hydrocarbons, and the regained ability of pure cultures is lost upon hydrocarbon removal. Turnover time calculations indicate that continuous sources are required to maintain inducing concentrations. Activity of the indigenous population toward hydrocarbons should therefore reflect the hydrocarbon concentration and the proximity to the source. ' That the microbial metabolism of hydrocarbons follows saturation kinetics has been suggested (Lee and Ryan 1976; Pfaender and Bartholomew 1982; Button et al. 198 1 b), but dissolved hydrocarbon metabolism kinetics have not been examined in detail. Several factors are relevant to the description of the metabolism kinetics of dissolved substrates. First is the affinity of the population for substrate (Button 1983 ) because it defines the rate at which a substrate is processed at subsaturating concentrations (the dominant marine situation) and also relates rate to the responsible population as well as (in some cases) to the functionality of the transporter components of a population. Second is the concentration where saturation kinetics come to fore, which can reflect transport mechanisms. Third is the transient state situation, in which the metabolic capability of the organisms changes in response to the concentration of nutrient that they have experienced. Important elements of the transient process are repression and induction, both of which reflect long term culture history, and metabolic regulation. Fourth is the efficiency of nutrient processing with the related release of metabolically labile products because these products may affect neighboring organisms that share the same microenvironment.
Organisms seem particularly prone to liberate 101 the metabolic intermediates of hydrocarbon metabolism. Fifth is the microenvironment of the organisms, where substrate concentrations may differ from those in bulk solution. Sixth is the separation of response due to concentration change from that due to manipulations imposed on the system for the purpose of observation. During recent investigations we found all of these aspects of hydrocarbon metabolism kinetics to have a role.
Shapes of kinetic curves (metabolism rate vs. substrate concentration) and attendant Michaelis constants have proved useful for various purposes. First is for design of successful culture media. Concentrations which exceed K,, a value which we will show can be very small, are unhelpful in accelerating growth. In fact, they can be detrimental if the substrate is like toluenephysically inhibitory.
Second, the kinetics are useful in understanding the metabolic activity of aquatic systems; added concentrations > Kt do not add to the observed rate so substrate concentrations <Kl must be used to stay within the first-order range of substrate. Third, information about saturation., as derived from curve shapes, is useful in understanding interactions and inhibition by alternative substrates in multiple substrate systems. Finally, an analysis of the degree of adherence to Michaelian kinetics (as well as the K, values) can give information on the mechanism of substrate transport (Button et al. 198 la) . Here our focus will be on details of the uptake and metabolism kinetics of toluene by estuarine populations from a number of sources and under various conditions. We thank Alyeska Pipeline Service Co. for providing laboratory space for analysis of water samples from Port Valdez, the staff at the Seward Marine Center for arranging on-site measurements there, and D. Checkley and others for helping with experiments and arrangements at Port Aransas.
Methods
On-site measurements of rates of toluene metabolism were made in Resurrection Bay 100 m off shore near Seward, Alaska (Button 1984) ; in .Port Valdez (Alaska) near Jackson Point adjacent to the effluent of a ballast water treatment plant (Button et al. 198 la) ; and in the deepest part of Lydia Ann Channel, one of an estuarine network near Port Aransas, Texas, on the Gulf of Mexico.
Glass carboys of lo-20 liters were fired at 550°C for 6 h, insulated to stabilize temperature, and used for sample collection. Sampling was done by lifting seawater from 5 m with a hand pump operated from a rowed skiff (Alaskan waters) or from the windward side of the RV Darcy in the Gulf of Mexico (to eliminate possible interference by contaminating fuels). Samples were returned within 2 h for analysis to the Seward Marine Center of the University of Alaska Institute of Marine Science (Resurrection Bay), the ballast water treatment plant laboratory of the Alyeska Pipeline Service Company (Port Valdez), or the Port Aransas Marine Laboratory of the University of Texas (Gulf of Mexico). In addition, seawater was returned to our Fairbanks laboratory for detailed study of kinetic curve shapes.
Temperature was kept at 10°C for the Alaskan samples and 17°C for the Port Aransas samples. Seawater collected for detailed analyses in Fairbanks was taken either from the continuously running seawater system (source at 70 m in Resurrection Bay) at the Seward Marine Center or by hand pump from 5 m in Port Valdez near Jackson Point. Oxidation rate measurements have been described (Button et al. 198 1 b) . Briefly, ['4C] toluene was purified; the aqueous solution was frozen and stored in the dark in tightly sealed vials for transport and then added to the carboys of seawater within 2 h of sample collection for on-site experiments. Seawater samples for experiments in Fairbanks were transported in insulated plastic containers and stored in incubators for 24 h to 2 months at 10°C.
Toluene, 1.44 M dpm pg-l (New England Nuclear), was added at concentrations from 0.05 to 356 hg liter-l. Subsamples of 0.02 (stored seawater) to 2 liters (fresh samples) were acidified and stripped of 14C02 which was dried, purified, and collected in scintillation fluid for counting. Additional 1 -ml subsamples were taken to follow substrate loss due to evaporation. Analysis of curve shape was based on a computerized leastsquares fit to a rectangular hyperbola. This procedure avoids undue emphasis of the low-concentration data which are least accurate, allows easy separation of threshold phenomena that plague various reciprocal plots, generates a convenient format for location of systematic errors by inspection, requires no assumptions as to the mechanism of the process or identity of rare constants, and in our opinion presents the most direct visualization of the rate vs. concentration relationship.
Oxidation rates in these seawater samples were based on carbon dioxide production. Rates were taken from linear regressions of five points reflecting 14C0, collected over 6 h after radiolabel was added.
Effects of diffusion barriers on the toluene metabolism kinetics of the marine isolate Pseudomonas sp. strain T2 were examined by embedding organisms in agar blocks. A culture was grown on toluene vapors (Claus and Walker 1964) in a synthetic seawater medium following induction by exposure to the substrate for 13 days. Organisms were harvested by centrifugation (20 min at 1,500 x g), washed three times, and diluted with a synthetic medium-agar mixture at 50°C; 0.6 ml applied to a cold microscope slide solidified within 10 s. The agar slab was diced with an aluminum screen into l-mm3 cubes and rinsed into artificial seawater, resulting in a final volume of 50 ml with biomass of 1 mg liter-l. For a control, another portion of the harvested organisms was subjected to the same dilution and temperature treatment, but the agar was omitted. Every 15 min after the addition of [14C]toluene, a l-ml subsample was taken and counted to determine evaporative loss of the radiolabeled substrate. A 3-ml subsample was collected with a wide-bore pipet and filtered into a chilled, sterile culture tube. After no more than 2 h, 2 ml of the filtrate were diluted 1 : 5 (in 10 ml), and the 14C02 was collected as above. The remaining filtrate (1 ml) was transferred to a scintillation vial, sparged for an additional minute to ensure removal of all toluene, and then counted, with radioactivity taken as organic products. Four subsamples were collected at each concentration.
In related experiments (to be discussed elsewhere) the organic products formed appeared to be comprised of several usual components (such as toluene dihydrodiol, 3-methylcatechol, and 2-hydroxy-6-oxohepta-2,4-dienoic acid) of the meta-cleavage pathway for toluene metabolism (Dagley 1975) .
Indigenous bacteria were counted by epifluorescence microscopy (Hobbie et al. 1977) , and microbial biomass was estimated from counts and size measurements. For Pseudomonas sp. strain T2, biomass was determined from population counts and Coulter volume.
Formulations
The general carbon balance for the metabolism of toluene can be formulated as organic toluene -+ products + CO2 + cells
where all components are reported in gram equivalents of toluene. The rate equation for oxidation as given by Button (1983) and references therein is
where A is substrate and Xis biomass, both in g liter-'; a"A is the affinity for substrate utilization, oxidation, or both, taken from the initial slope of a curve of rate vs. concentration or else measured at concentrations (indicated in pg liter-' by the superscript associated with a,) of substrate where saturation is known to be insignificant. Units of aA are in liters g-cells-1 h-1 and the overall rate is VA in g toluene liter-l h-l. The affinity reflects rate constants and enzyme content of the organisms that set the rate of substrate metabolism into the fractions noted above. Resulting flux, observed as the rate of formation of the fractions containing substrate carbon, is apportioned to each group according to the substrate flux required. These component fluxes are specified by Eq. 2 and the related partial affinities a"pA + aoQA + aoxA = aoA.
(3) Distribution among them is given by yield; the affinity as determined by carbon dioxide liberation is given by the yield of carbon dioxide from toluene YQA, and a',,, = a'@, 
. If the culture is mixed, the affinity is an average value for the complete population considered.
Saturation is indicated according to Michaelian notation using K, for the concentration at which transport is half-maximal. Where accumulation of product fractions is considered, a partial transport constant KpA or KQA is used. These are operational constants that include recycling and concentration discontinuities and should not be confused with traditional Michaelis constants for back reactions. When in free suspension K* for the organism and toluene is taken as KQn, on the assumption that the yield of CO, (Q) from toluene (A) remains constant with toluene concentration.
Results
Observed oxidation rates of small concentrations of added [ 14C]toluene to 14C0, by fresh surface samples from Alaskan estuaries were frequently < 0.1 ng liter-1 h-I. These rates were usually detectable (Table  1) but so low that 12-48-h incubations were required for kinetic studies, sufficient time for growth and induction to compromise results. By retaining the samples for one to several weeks at in situ temperature, we greatly enhanced activity due to undefined processes often called "bottle effect" . The resulting assemblages with high activity were useful because the concentration dependency of the kinetics of hydrocarbon oxidation in mixed populations could be conveniently explored. Toluene oxidation to 14C0, in stored Toluene (PgAiter) Fig. 1 . Rate of 14C0, production on concentration in stored samples from the running seawater system in Resurrection Bay, source 70 m. Two aliquots from the same sample were used on different days (0 and A) to span the range of toluene concentrations with overlap in order to normalize the rates. Right inset (note geometric abscissa scale) shows data at concentrations higher than those in the main figure; data at even higher concentrations are suggested by the dashed line (points not shown because the sample was different) also normalized to rates from measurements at lower concentrations. When fit to a hyperbola, K, = 2.2 pg toluene liter-l.
samples from Resurrection Bay (70 m) gave saturation kinetics (Fig. 1 ). Rates were linear with concentration in the 50-500 ng liter-1 range with saturation apparent at very small concentrations as compared to the transport of other substrate classes, except for vitamins (Button 1985) . When the data were compared with a hyperbola, K, = 2.2 +0.3 pg liter-1 which indicates an excellent conformance to Michaelian behavior, and saturation seemed complete. Only when substrate concentrations were increased from near 1 pg liter-l to >20 mg liter-l did inhibition begin to markedly influence toluene oxidation. Neither did benzene at sub-mg liter-i concentrations influence the rate of toluene oxidation by Pseudomonas sp. strain T2 (data not shown).
Therefore inhibition apparently did not influence the kinetics of saturation. Saturation of the type shown in Fig. 1 (rather than firstorder kinetics) was consistently observed after we realized the necessity of removing contaminating precursors from the substrate (Button et al. 198 1 b) . collected from a sample from Port Valdez. Complete saturation was indicated in both, with kinetics that were remarkable due to the small value of K, (see Table 3 below).
Part of the activity in the sample from Port Valdez is associated with the input of organisms and hydrocarbons from a ballast water treatment plant. Treated ballast contains about 5 mg liter-' aromatic hydrocarbons as well as bacteria and fermentation products formed from petroleum mixed with the ballast water during oil-tanker transit (Button et al. 198 1 a), and it enters Port Valdez at about 1 x 1 OG liters h-l. Input is at 70-m depth and the warm saline ballast then finds neutral buoyancy at 50 m. The rate of toluene oxidation in fresh toluene-amended samples from Port Valdez was appreciable and correlated with both bacterial biomass and aromatic hydrocarbons over a range of depths (Fig. 3) .
Questions that arose from analyses of these various samples of Alaskan seawater were: Why did saturation occur at an exceedingly low concentration (1 O-8 M) compared to much higher Michaelis constants for the transport of most other substrates (Button 1984) , and why was there so much activity in seawater from an area as remote from known toluene input as Resurrection Bay? To verify the observation of saturation at these small concentrations with in situ populations, we needed a source of seawater with populations of toluene oxidizers sufficiently active that oxidation rates could be measured immediately and accurately. To satisfy these objectives and to extend observations to a different area, we examined the waters of the Gulf of Mexico, using a somewhat sheltered sampling site in Lydia Ann Channel. This estuary is warmer than Alaskan sites (17°C vs. 9°C summer temperatures); it separates barrier islands that (ng/liter h) ( mg /liter) (pg/liter) Aroma tic hydrocarbons border the Gulf of Mexico, lies about 30 km from petroleum production facilities at Corpus Christi, Texas, and has nearby marine laboratory facilities.
Toluene oxidation rates in these fresh samples gave an increase in initial rate per unit population of 200-fold over those from the Gulf of Alaska. The time-course of 14C02 production is shown in the upper panels of Fig. 4 . Evaporation amounted to as much as 30% of added toluene, as shown for two concentrations by the dashed lines. Corrections were applied to rates using point-topoint cyclic calculations, Eq. 1 and 2 with an uncorrected numerical representation of the kinetic curve of the type shown in the Fig. 4 , and a complete set of the concentration data with time; however these were relatively minor. Initial rates (O-6 h) began to saturate below 1 pg toluene liter-l. In addition, a segment that was firstorder in toluene was apparent at concentrations > 10 pLg liter-l; this was unsettling, because in Alaskan seawater samples the kinetics were consistently without a firstorder region. Moreover conformance to Michaelian kinetics had been taken as evidence that the [ 14C]toluene purification procedure was sufficient. We wondered if the kinetics reflected an inherent inhomogeneity in the oxidation system or if the observed kinetics were simply artifactual.
Differences between the Port Aransas and Alaskan samples included geographic location, warmer temperatures, a greater portion of the organisms embedded in particles, and greater activity toward toluene. Also for the Port Aransas sample we used [ring-1,2,3,4,5,6-14C]toluene while for the Alaskan sample the toluene was provided from a different source and starting materials and was either labeled at the ring 2,3,4,5-position or universally labeled (Button et al. ration was observed at both temperatures. Therefore, the cause of the first-order region could not be traced to a difference in either isotope source or temperature.
That a diffusion barrier will raise the Michaelis constant for transport is well known (Winne 1973) . We simulated the effect of detrital embedment by casting organisms in agar blocks and then measuring the kinetics of toluene oxidation by a suspension of the resulting particles. At a biomass of 1 mg liter-l (near eutrophic estuarine populations) in 0.6 g agar liter-' or 1 013 organisms mm-3 agar, each organism was about 8 pm from its neighbor and cleared the toluene from a cube 8 pm on side in about 1 ms. The Michaelis constant for the production of organic products from toluene by Pseudomonas sp. strain T2 is consistently larger than for carbon dioxide (unpubl. and Table  2 ) but in the case of embedded organisms the difference was more apparent. As shown in Fig. 6 the release of organic products from the organism-containing blocks was favored at high concentrations to a greater extent than was the production of CO,. Embedment gave a demonstrable increase in KQA as well (Table 2) , although the increase was not confirmed at low concentration in strict controls where there was identical handling of the samples (Fig. 6 ). The data of Table 2 are taken from separate experiments. The state of induction normally varies somewhat and will be reflected directly in the , as demonstrated by the inset in Fig. 7 , the nature of the resulting curve was strongly dependent on the observation time. Rates of all toluene oxidation experiments that were conducted with freshly collected seawater with immediate analysis are shown with respect to concentration in Fig.  8 . Turnover times ranged from 80 days for the Aransas Bay data to >40 years for the October 198 1 Resurrection Bay samples (Table 3) , or 20 days to > 10 years if the yield of CO, from toluene is 0.25 (Fig. 6) . There was little correlation with bacterial population as shown; however, passing samples through 0.2~pm filters consistently eliminated all activity.
Both growth and induction during uptake experiments could give an apparent firstorder leg in plots of rate vs. substrate concentration (v on A) since both increase with concentration and time. The kinetics of toluene oxidation over an extended period are shown in Fig. 7 . The seawater sample was taken near the pipeline terminal in Port Valdez (Fig. 3) , flown to Fairbanks, and used within 24 h. Plots of rate with time were concave upward like those found in fresh samples from Resurrection Bay (Button 1984 ) and in laboratory cultures of Pseudomonas sp. strain T2 (in prep.), but unlike fresh samples from Port Aransas (Fig. 4) . A first-order leg in the kinetic data was now first observed from an Alaskan estuary and,
Discussion
Our initial work on toluene metabolism suggested that toluene was metabolized by systems with high Michaelis constants (unpubl.) of the type often reported for xenobiotics (Suflita et al. 1983) , but this was due to the use of impure isotopes (Button et al. 198 1 b). Subsequent work usually gave Michaelian kinetics (Figs. 1, 2 , 5, and 6); however first-order legs in concentration sometimes appeared in kinetic plots (Figs. 4 and  7) . Departure from Michaelian behavior is apparent from inspection of Fig. 4 . The curve could be separated into a saturation and a first-order region in substrate by evaluating the first-order region from the data at high concentration where saturation of low Kl systems nears completion. The lowconcentration data were corrected by subtracting the first-order component to give KQA (0.26-tO.03 pg liter-l). The small standard error indicates that the low-concentration corrected data give good fit to a hyperbola. At 40 pg liter-' the hypothetical first-order process accounts for over 90% of the rate but at 6 pg liter-l, the Michaelian and first-order rates are equal so that at ambient substrate concentrations the process identified as saturatable is the significant one. Mechanisms responsible for this curve shape remain unclear and we find no reason to presuppose exactly what the curve shape should be for a particular process or processes. Michaelis constants were exceedingly small as compared to those for other substrates (Button et al. 1984) . We examined these peculiar kinetics in search for an explanation.
Simply raising the temperature of microbial assemblages from Alaskan seawater to temperatures of the Gulf of Mexico produced no change in the shape of the uptake curve. Although Palumbo et al. (1984) reported that most (90.5%) microbial activity in Gulf of Mexico waters toward amino acids was in the <3-mm fraction, our samples were taken in rough and turbid water; many of the bacteria appeared as stainable organisms in larger particles. Toluene (pg /Ii ter) Fig. 8 . Toluene-concentration-dependent oxidation kinetics in fresh seawater from several sources. Table 2 gives additional rates at a single concentration together with population data.
of agar was imposed on a pure culture to mimic the effects of particles in which many Gulf of Mexico bacteria were embedded. While such barriers caused an increase in Michaelis constants for carbon dioxide liberation, they failed to effect the degree of first-order response observed in the Gulf of Mexico seawater system. Liberation of the organic products of toluene oxidation was, however, characterized by a larger Michaelis constant for organisms in agar than those in free solution. Experiments with the same bacteria-agar system but with much higher populations in the agar blocks, 3-methylcatechol as the substrate, and with oxidation rate followed by polarographic measurements of oxygen consumption required about 10 times as much substrate to attain the oxidation rate of agar-free controls (data not shown). Although we do not fully understand this system, data suggest that embedment of organisms may cause both some increase in apparent Michaelis constant and decrease in affinity for toluene and that polar substrates are more subject to the embedment effect. The polar substrate effect can be visualized by assuming that polar products of toluene metabolism are retained by the particle and remetabolized by organisms within. Since polar substrates in general and 3-methylcatechol in particular have larger Michaelis constants for transport (un-publ.) , larger toluene concentrations are required to raise the product above the saturation constants for retransport, thereby effecting an increase in Kt.
These observations with agar clearly indicate that embedded organisms can effectively sequester substrate from bulk solution. They also speak to the fact that observed kinetics reflect bulk concentrations rather than those at the site of catalytic activity. The phenomenon of increased Michaelis constants caused by diffusion barriers is seen in reverse as an explanation for the small absolute value of K, for the accumulation and metabolism of toluene; low Kt values for toluene observed in natural microbial populations are interpreted as measurements of low concentrations in bulk solution which are magnified by the partition coefficient of the lipophilic substrate for membrane before the action of membranebound enzymes on it (Button et al. 1984) . One prediction of such a model is that oxygenases, if rate-limiting and at the inner surface of the cytoplasmic membrane, could effect transport constants for toluene that are smaller than their Michaelis constants for hydroxylation by the value of the partition coefficient for toluene from water into lipid. This value is 300-500 (Leo et al. 197 1) and may explain the small K, values observed. Our data indicate that an added diffusion barrier can contribute to a first-order region in uptake kinetics but do not establish this resistance as the sole or even the major cause of departure from Michaelian behavior.
The value for Ke,, in agar, 40.2 + 7.2 pg liter-l, about double the value we usually find in culture medium, and the small standard error indicate that saturation was substantially complete.
Induction, examined in experiments to be reported elsewhere, was found to dramatically affect the affinities of both pure cultures (Table 3 ) and natural populations (in prep.). But the shape of the kinetic curve remained similar, i.e. basically Michaelian with some first-order activity possible as well. Time-course curves for toluene oxidation curved downward toward horizontal in Gulf of Mexico water (Fig. 4) , an effect opposite to that expected with induction and found both with pure cultures of Pseudomonas sp. strain T2 (in prep.) and in Resurrection Bay during long incubations (Button 1984) . The induction rate depends on the amount of auxiliary substrate present so the results can be variable. It is noteworthy that toluene enhanced metabolic rates after 6 h at concentrations < 1 rug liter-l. Toluene concentrations used were only sufficient to generate about 1 O4 organisms liter-* , which is an insignificant part of the population of toluene oxidizers we believe to be present according to autoradiography (in prep.). These populations of toluene oxidizers appear to be a sizable fraction, about lo%, of the total organisms present in fresh Resurrection Bay surface water. From the results in Fig. 7 and other experiments, induction, rather than growth, is the more likely explanation for the increase in rate. That only small concentrations are required for induction and that a sustained presence of toluene is required to avoid repression in Pseudomonas sp. strain T2 (data not shown) suggest the common exposure of organisms to hydrocarbons in the geographical areas examined. But induction could not be demonstrated to have an influence on kinetics when we used incubations much shorter than 10 h, so this phenomenon appeared not to be the cause of the first-order leg in Fig. 4 . Several seawater systems gave hyperbolic kinetics (as in Fig. 5 ) with very small Michaelis constants, while the pure culture system (Fig. 6 ) and other data not shown gave reasonably hyperbolic data but with larger Michaelis constants (Table 3) .
That systems more active toward toluene have larger Michaelis constants is noteworthy. This difference is particularly striking when we compare the in situ data to those from the marine pseudomonad (Table 3) . The kinetic data from the Gulf of Mexico can be resolved into a single pair of small and large Michaelis constant systems, K, l = 0.26 pg liter-l and KQA2 = 40 pg liter-'.
Although growth, as well as embedment and induction discussed above, could contribute to the first-order leg on the kinetic curves, such effects seemed to be minor. One interpretation of the kinetics in the Gulf of Mexico sample is that a combination of organisms with different metabolic characteristics is primarily responsible for the shape of the kinetic curve observed. Such nonhyperbolic curve shapes have been called multiphasic (Azam and Hodson 198 1) . We have analyzed the curve shapes in this type of system in greater detail but unresolvable ambiguities render such analyses unworthy of presentation.
Our data demonstrate the widespread occurrence of marine bacterial populations that can metabolize toluene, perhaps 10% of the total according to recent autoradiography data. In some cases these populations can be related to a source of pollution, as in Port Valdez (Fig. 3) and perhaps Aransas Bay (Fig. 4) , while in others it seems to be related to natural sources. An explanation of the variability in the specific (per unit biomass) toluene oxidation rates in Resurrection Bay (Table 1) is that spring populations are bolstered with allochthonous plant hydrocarbons such as stilbenoids, from heavy rainfall and snow melt, while fall populations are not (Button 1984) .
In some cases the activity of the indigenous microflora toward toluene was comparatively large (Table 3) as indicated by the affinity. Values for carbon sources are usually < 100 liters g-cells-l h-l. Although saturation phenomena severely restrict maximal growth rate in low-Michaelis-constant systems, saturation kinetics are improbable in marine environments.
The modest affinities observed indicate that toluene would contribute only minor amounts to the growth rates of the organisms contained. For example the contribution of a specific substrate to total growth rate is given by pn = alnAYxA. If we take the Port Aransas population as a whole (Table l) , the growth rate from a toluenc concentration of 1 pg liter-l, assuming a, = a&0.35 (Table 2 ) and Y, = 0.24, is about 1 O-6 h-l.
